The study was carried out in two different forest types viz., Banj oak and Chir pine forests to assess the variation in forest species composition and soil properties along altitudinal gradients in the Garhwal Himalayas. The results of the study showed that between the forests soil moisture was higher in Banj oak forest because of closed canopy and dense forest compared to Chir pine forest. The sand particles were reported higher in Banj oak forest which might be due to the addition of organic matter favouring coarse structure of soil, helping in holding maximum water in soils. However in the Chir pine forest low amount of soil organic matter and presence of clayey soil, develops soil compactness which reduces the penetration of water resulting in high soil bulk density. The higher accumulation of litter and presence of moisture in Banj oak forest favours higher nutrient level of nitrogen, phosphorus and potassium compared to Chir pine forest. The soil organic carbon also reduced with increasing altitude at both gradients. While bulk density has reverse trend with soil organic carbon in both the forests at different peaks of same region. In Banj oak forest, the highest density and total basal cover was reported 1,100 tree ha -1 and 58.86 m 2 ha -1 respectively. However, the highest values of density and total basal cover of Chir pine forest was 560 tree ha -1 and 56.94 m 2 ha -1 respectively.
Introduction
The altitude and aspect plays a key role in determining the temperature regime of any site. Within one altitude the co-factors like topography, slope, aspect, inclination of slope and soil type also affect the forest species composition (Shank and Noorie 1950, Sharma et al. 2010) . Differences in insolation period at various altitudes may occur according to slope aspect of site (Sharma et al. 2010) . In Himalayas, the north-facing slopes are relatively cooler because they receive less sunlight compared to other aspects.
The natural distribution of the Himalayan forests from the outer hills to the inner higher zones of the Himalayas is determined primarily by altitude. Although geology, soils and other biotic and abiotic factors are also important to a great extent (Champion and Seth 1968) . The physico-chemical characteristics of forest soils differ in space and time because of variations in biotic and abiotic components viz., topography, climate, weathering processes, vegetation cover and microbial activities etc. vegetation plays an important role in soil formation (Champan and Reiss 1992) . Thus the resultant production and community structure of vegetation too differ (Ruess and Innis 1977) . The natural forest-stands of any place are the result of the interaction of various factors of the soil and the environment. The quantum of biomass produced over a period of time depends largely on the nature, aggregation of species and the nutrient supply potential of the soil. On the other hand, the forests also have a marked influence on the soil structure. The properties of soil developed under a particular regime have a profound influence on the growth and development of plants (Kumar et al. 2004) . The type of parent material from which a soil is derived can influence its basic status and nutrient level. The ability of the soil to retain water depends upon the amount of silt and clay particles available in the soil. The effect of the textural properties of the soil is frequently reflected in the composition and the rate of growth of forest vegetation.
Quercus leucotrichophora A. Camus, (Banj oak) is a moderate to large sized evergreen tree which grows on a variety of geological formations and soils, such as shale, gneiss, schist, quartzite and limestone rocks and mostly sandy or clayey loamy soils. It is quite frequent on clayey soils produced from decomposition of shales and micaceous sandy soil resulting from decomposition of mica-schist. It grows best on cool northern aspects with deep moist shale soil; however, its growth gets stunted on shallow and dry soils on the warmer southern aspects, mostly because of insufficient soil moisture (Luna 2005) . Pinus roxburghii Sarg., (Chir pine) is a large evergreen tree and a principal species of the Himalayan sub-tropical forest (Champion and Seth 1968) . The present study was focused on, the variation in forest species composition, community structure and soil properties along the different altitudes of two different peaks in Banj oak and Chir pine forest types of Garhwal Himalayas. Therefore, the hypothesis was made that; Is there any variation in forest species composition, community structure and soil properties along the altitudinal gradient of two different forest types at two different peaks in the same region, Therefore to verify the hypothesis two dominant forest types i.e., Banj oak and Chir pine of Garhwal Himalayas were selected along an altitudinal gradient for the study.
Materials and Methods

Study site
The present study was carried out in two naturally established dominant forest types i.e., Banj oak (Quercus leucotrichophora) and Chir pine (Pinus roxburghii) forests selected in their respective growing temperate and sub-tropical regions of same area. Each forest type was divided into three altitudes at two different peaks with the difference of 100 meter gap between the altitudes for both the forest types except in Chir pine forest where 200 meter gap has been maintained at upper altitude due to steep terrain. The altitudes of Banj oak forests were selected at 1,700, 1,800 and 1,900 meters whereas the altitudes of Chir pine forests were 700, 800 and 1,000 meters. 
Soil analysis
The soil properties of both forest types was analyzed by collecting 54 samples from different altitudes of Banj oak forest and Chir pine forest at different depths i.e., 0-20, 20-40 and 40-60 cm from each altitude. The analysis was carried out for physical properties (moisture, bulk density (BD), water holding capacity (WHC), texture) and chemical properties (pH, soil organic carbon (SOC), nitrogen (N), phosphorous (P) and potassium (K). The moisture, water holding capacity, bulk density (BD) and texture was determined as the methods described by Misra (1968) . Soil pH was measured with the dynamic digital pH meter (1:2.5 soil water suspensions). The total nitrogen was measured by Kjeldal procedure and exchangeable phosphorus and available potassium was determined by (Jackson 1958) . Soil organic carbon was determined by Walkley and Black's rapid titration method (Walkley and Black 1934) .
Phytosociological analysis
The phytosociological study was carried out by using a quadrat size of 10x10 m for trees at each altitude, a total of 10 quadrats were laid randomly. Thus 60 quadrats were used at six different altitudes. The size and number of quadrats were based on species area curve (Misra 1968) and the running mean methods (Kershaw 1973) . In each quadrate the tree circumference at breast height (at 1.37 m from the ground) >30 cm were considered as trees. The vegetation data was analyzed as the methods described by Curtis and McIntosh (1950) and Curtis (1959) .
Results
Soil properties
Banj oak forest The physical and chemical properties of soil are given in Table 1 and Table 2 . At 1700 m altitude, the moisture ranged from 15.30±1.87% (40-60 cm) to 18.79±1.12% (0-20 cm). The bulk density increased with increase in depth. The WHC was highest at the depth of 0-20 cm. In soil texture, sand particles were the highest at 40-60 cm depth followed by 0-20 cm and 20-40 cm. Silt was highest in 20-40 cm and lowest at 40-60 cm depth. Clay particles reduced with increasing depths (Table 1) . The pH was acidic in nature. The SOC decreased with increasing depth. Nitrogen, phosphorous and potassium reduced with increasing depths (Table 2) .
At 1,800 m altitude, soil moisture and WHC decreased with the depths (Table 1) , however, bulk density showed reverse trend with moisture which increased with increasing depths. The lower amount of sand particles was in 20-40 cm and higher in 0-20 cm depth (Table 1 ). The maximum and minimum silt and clay was in 20-40 cm and 0-20 cm depths respectively. The pH was acidic in nature. The SOC, nitrogen, phosphorous and potassium were decreased with increasing depths (Table 2) . At 1,900 m altitude, the highest moisture percent was at the depth of 20-40 cm and the lowest at the depth of 40-60 cm. The bulk density increased with increasing depth while as WHC showed reverse trend ( Table 1) . The pH was also acidic in nature. The SOC, nitrogen, phosphorous and potassium decreased with increasing depth (Table 2) .
Chir pine forest In Chir pine forest, at 700 m altitude, the moisture was lowest at 0-20 cm and highest at 20-40 cm. The bulk density increased with increasing depths. The WHC was highest at the depth of 0-20 cm and the lowest at 20-40 cm (Table 1 ). The proportion of soil particles was higher for clay followed by silt and sand (Table 1) . The pH was slightly acidic which reduced with increasing depths. SOC, nitrogen, phosphorous and potassium decreased with increasing depths (Table 2) .
At 800 m altitude, moisture reduced from 20-40 cm to 40-60 cm depth, although moisture was lowest at upper depth (0-20 cm), however, bulk density showed reverse trend with moisture (Table 1 ). The WHC was highest at 0-20 cm depth and lowest at 20-40 cm. The sand particles were higher at 0-20 cm and lower at 20-40 cm while clay was highest at 20-40 cm. The silt was maximum at 0-20 cm and minimum at 40-60 cm (Table 1 ). The pH, SOC, nitrogen, phosphorous and potassium were decreased with increasing depths (Table 2) . At 1,000 m altitude, moisture and bulk density increased with increasing depth (Table 1 ). The WHC was higher at 0-20 cm and lower at 20-40 cm (Table 1) . Sand and clay particles were highest in the depth of 40-60 cm while as silt was highest at 0-20 cm (Table 1 ). The pH, SOC, nitrogen, phosphorous and potassium were highest in the soils of 0-20 cm depth followed by 20-40 cm and 40-60 cm depths.
Phytosociological studies
Banj oak forest At 1,700 m altitude, the quantitative information (density and basal cover) of Banj oak forest is given in Fig. 1A . At this altitude the most dominant tree was Q. leucotrichophora A B ).
Statistical analysis
The correlation coefficient among the physical properties of soil for Banj oak and Chir pine forest is given in Table 3 respectively while correlation coefficient among the chemical properties of soil for Banj oak and Chir pine forest is given in Table 4 . The analysis of variance (ANOVA) for chemical properties of soil for Banj oak and Chir pine is given in Table 5 while ANOVA for physical properties of A B soil for Banj oak and Chir pine forests is shown in Table 6 .
Discussion
In Banj oak and Chir pine forests, the highest moisture was in Banj oak forest compared to Chir pine forest, which may be due to dense canopy and multi-layered of Banj oak forest at higher elevations compared to Chir pine forest which has sparse forest canopy cover, which enhances more light penetration in the forest floor and results in higher evaporation rate and low moisture contents in the soils. Generally Banj oak forests are characteristically moister (Saxena 1979) closed canopied and fire free (Champion and Seth 1968) . The relative better conditions of oak forests may be attributed due to closed canopies (Saxena and Singh 1980) , compared to Chir pine forests having open canopy (Bargali et al. 1998) . A forest having multi-layered canopy with substantial canopy index and depth, and well developed forest floor, has a greater protective value compared to a forest with fewer layers and low canopy index (Lull 1964) . The water retention and its movement in soil vary with the texture of soil (Kumar et al. 2002) .
The average water holding capacity of Banj oak forest ( Fig. 2A) was higher compared to Chir pine forest (Fig.  2B ) which was 46.01±9.75% and 36.05±4.08% for Banj oak and Chir pine forests respectively. These values are within the range, reported for tropical (15.8 to 63.2%), sub-tropical (31.9 to 42.9%) and temperate forests (28.1 to 81.2%) forests in Garhwal Himalaya (Kumar et al. 2004) . In Banj oak forest ( Fig. 2A) sand percent was higher while as clay percent was higher in Chir pine forest (Fig. 2B) . Sandy soils allow water to enter and pass away rapidly, it warms up quickly and cools very soon compared to other textures (Sharma et al. 2010 ) and less favorable for tree growth. Although higher amount of clay, reduces penetration of moisture in the soil due to its soil compactness.
In Banj oak forest average soil pH ranged from 5.5±0.25 (1,900) to 5.8±0.17 (1,800 m) and in Chir pine the pH was slightly higher (ranged from 6.51±0.19 to 6.77±0.13) than Banj oak forest. The acidic nature of soil in oak forest could be due to higher number of species and dense composition result in higher input of litter. In Banj oak forest as pH increases, it also increases the suitability of nitrogen to the plants. The slight acidic nature in pH level in Chir pine forest is favourable to higher amount of phosphors in the soil for plants.
The SOC and nitrogen in both Banj oak and Chir pine forest decreased with increasing altitude. The SOC and nitrogen of Chir pine forest was lower compared to Banj oak forest. The lower values of SOC and nitrogen in Chir pine could be due to lower density and basal cover of trees which results in low input of litter and provides lower amount of SOM and soil nutrients to forest soil. The phosphorus in both the forests increased with the altitudes. The potassium decreased with increasing altitudes in Chir pine forest (Fig.  3A) but in Banj oak forest it was slightly increased in 1800m and again dropped in 1,900 m (Fig. 3B) .
The average value of nitrogen, phosphorus and potassium was higher in Banj oak forest compared to Chir pine forest. The values of nitrogen reported (0.25 to 0.31%) by Bhandari et al. (2000) and 0.10 to 0.20% by Kumar et al. (2004) for temperate forest was lower than the present study.
The comparison of SOC and BD was compared with the altitude (Fig. 4) , the study showed that SOC decreased with increasing altitudes because of low input of SOM, however BD showed reverse trend with SOC. Altitude is often employed to study the effects of climatic variables on SOM dynamics (Lemenih and Itanna 2004) . Generally, temperature decreased and precipitation increased with increasing altitude. The changes in climate along altitudinal gradients influence the composition and productivity of vegetation and consequently, affect the quantity and turnover of SOM (Quideau et al. 2001) . Altitude also influences SOM by controlling soil water balance, soil erosion and geologic deposition processes (Tan et al. 2004 ). Garten et al. (1999) emphasized the advantages of altitude gradients in forest soil for testing the effects of environmental variables on SOM dynamics. The relationship between SOM and altitude has also been investigated and positive correlations were reported (Sims and Nielsen 1986) . In Banj oak forest, the density of the sites ranged from 960 tree ha -1 (site-III) to 1100 tree ha -1 (site-I). The total basal cover ranged from 40.88 m 2 ha -1 (site-III) to 58.86 m 2 ha -1 (site-I). However, in Chir pine forest the density ranged from 500 tree ha -1 (site-III) to 560 tree ha -1 (site-I) and total basal cover ranged from 26.79 m 2 ha -1 (site-III) to 56.94 m 2 ha -1 (site-I). These values of density and total basal cover of both the forest reduced with increasing altitudes. Altitude had a significant effect on species richness and species composition, which declines even with a 100 meter increase in altitude. (Markus et al. 2007 ). It is suggested that different altitudes and slopes also influence the species richness and dispersion behavior of trees species (Ellu and Obua 2005; Sharma et al. 2009 ). Kharkwal et al. (2005) have also suggested that altitude and climatic conditions such as temperature and rainfall are the determinants of species richness. The life-forms diversity usually decreases with increasing altitudes and one or two life-form remains at extreme altitudes (Pavon et al. 2000; Sharma et al. 2009 ). Austin et al. (1996) , have analyzed association between of species richness, climate, slope and soil nutrient status. Gairola et al. (2008) also carried out a study of vegetation diversity along an altitudinal gradient in three sites of subalpine forest. The results revealed that the size and density of trees decline sharply from low to high altitude strata.
